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(54) Periodic process scheduling method 

(57) A scheduling method of a periodic process of a 
computer system for keeping the execution interval of 
each process group constant as far as possible in the 
case where a plurality of process groups (103) including 
periodically executed processes (102) are executed in 
parallel. If a group master process of each process 
group specifies a wakeup interval period and a required 
CPU time per period and requests allocation of a CPU 
time, then a CPU allocation time of a specified process 
group is secured so as not to collide with a CPU alloca- 
tion time of another process group, and a scheduling 



table (900) is created so as to maintain the specified 
wakeup interval period. In response to arrival of time 
when one of the process groups should be waked up, a 
kernel process (101) or a scheduler (1801) conducts 
wakeup by changing execution priority of a process 
belonging to this process group to highest priority 
("raised") in the system, and thereafter maintains the 
highest priority for CPU allocation time consecutively 
allocated. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a scheduling 
method of a process of a computer system, and in par- 
ticular to a process scheduling method for periodically 
starting each process. 

Conventionally as the scheduling method of a proc- 
ess for conducting continuous media, a scheduling 
method using the "Conductor/Performer" model is 
known. (Nishio et aL, "Conductor/Performer," 1st Inter- 
national Workshop on Real-Time Operating Systems 
and Applications. 1994.) The term "continuous media 
processing" means processing for converting and trans- 
ferring data obtained by digitizing images or speech. 

In the case where only one stream exists in a sys- 
tem, this method assures any process belonging to the 
stream of being periodically scheduled. Herein, how- 
ever, the term "stream" means a group of processes 
delivering worked continuous media data directly or 
indirectly to each other. Each of processes belonging to 
the same stream are provided with the unique order of 
conducting the work processing of continuous media 
data. The top process obtains input of the continuous 
media data from an external device (such as a video 
digitizer). Each of subsequent processes receives con- 
tinuous media data worked by a process immediately 
preceding in order from the immediately preceding 
process, conducts data work (such as compression 
processing) to be conducted by itself, and delivers con- 
tinuous media data worked by itself to a process imme- 
diately succeeding in order. The last process outputs 
continuous media data to the external device (such as a 
network adapter). 

A summary of a scheduling method using a Con- 
ductor/Performer model will be hereafter described. For 
each stream, one periodically driven Conductor process 
is prepared. The order of Performer processes (i.e., 
processes belonging to the stream) to be started by the 
Conductor process is registered beforehand. In accord- 
ance with this registered order, the Conductor process 
starts a Performer process. Therefore, each of both the 
Conductor process and the Performer processes holds 
a message queue for wakeup notice of its own process. 
Wakeup of another process is conducted by transmit- 
ting a message to a message queue held by the proc- 
ess. 

The Conductor process is driven at time intervals 
each equal to a specified period. In accordance with the 
registered order of the Performer processes, the Con- 
ductor process repetitively issues a call (function call) 
for transmitting a message to a message queue owned 
by the next Performer process in the order and waiting 
the arrival of a message at a message queue owned by 
the Conductor process. In other words, the Conductor 
process repeats the wakeup of a Performer process and 
sleep lasting until the started Performer process com- 
pletes the execution of one period. If the last Performer 



JSOOCIO: <EP 0798638A2> 



process in order has completed execution, the Conduc- 
tor process sleeps until the next periodically driven trig- 
ger is applied by a timer interrupt. 

On the other hand, a Performer process wakes up 

5 upon receiving a message from the Conductor process, 
and conducts continuous media processing corre- 
sponding to one period. Upon completing the continu- 
ous media processing corresponding to one period, the 
Performer process issues a call for transmitting a mes- 

io sage to a message queue owned by the Conductor 
process and waiting for the arrival of a message at a 
message queue owned by its own process. The Per- 
former process sleeps until a message for notifying the 
wakeup of the next period is transmitted from the Con- 

15 ductor process. 

In the case where only one stream exists in the sys- 
tem, the above described scheduling method assures a 
CPU of being periodically allocated to a Performer proc- 
ess. 

20 In the scheduling method according to the Conduc- 
tor/Performer model, the following problems occur in the 
case where a plurality of streams exist in a system. 

(a) The priority of each of the Conductor processes 

25 and Performer processes does not change with 
time. In the case where Conductor processes hav- 
ing different drive periods are mixedly present, the 
execution start interval of the Conductor processes 
varies. In other words, when a Conductor process 

30 has been waked up. there is a possibility that 
another Conductor process or another Performer 
process having the same priority or higher priority is 
executing. In other words, access contention of the 
CPU time occurs between the Conductor process 

35 waked up and another Conductor process or 
another Performer process. As a result, the execu- 
tion start interval of the Conductor process varies, 
and the execution interval of subsequent Performer 
process also varies. 

40 (b) Since wakeup notice is conducted by inter-proc- 
ess communication (IPC), function calls of mes- 
sage transmission and message reception occur 
and overhead caused by wakeup notice is large. 

45 These problems make it difficult to realize continu- 
ous media processing required to yield high throughput, 
such as real time MPEG compression processing of 
multimedia data. Unless in such processing the buffer 
management at the time of contir . cus media data input 

50 is conducted without use of interrupt, sufficient 
throughput is not obtained b- of the interrupt 

overhead. Even in the case wh - plurality of streams 
exist in the system, therefore, it necessary to keep the 
execution interval of a Performei process constant as 

55 far as possible and it is necessary for a Performer proc- 
ess to spontaneously change over the input buffer with- 
out a notice using an interrupt. In the same way, the 
overhead of the IPC used for wakeup notice also 
decreases the throughput. 
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Furthermore, in the scheduling method according 
to the Conductor/Performer model, processing for a 
deadline miss exception (such a state that the process- 
ing corresponding to one period could not be completed 
within a specified time from driving of the Conductor 
process) is conducted by signal notification to the Con- 
ductor process. Since a signal handler has typically the 
same priority as a subject process does* there is a pos- 
sibility that execution of a process of another stream will 
be delayed by the signal handler processing. In other 
words, there is a possibility that the processing delay of 
one stream will cause a processing delay of another 
stream. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
periodic process scheduling method of a computer sys- 
tem, whereby: 

(a) the execution interval of a process which con- 
ducts continuous media processing is kept con- 
stant, even in the case where a plurality of streams 
are present in a system; 

(b) overhead required to control the wakeup and 
sleep of processes is reduced; and 

(c) a signal handler for conducting the recovery 
processing on a processing delay is executed, and 
thereby a processing delay of another stream is not 
caused even if a processing delay is incurred in one 
stream. 

Another object of the present invention is to provide 
a periodic process scheduling method of a computer 
system, whereby when an asynchronous event such as 
arrival of a network packet has occurred, the execution 
interval of the processes which conduct continuous 
media processing is prevented from varying. 

In accordance with one aspect of the present inven- 
tion, the above described object is achieved by a peri- 
odic process scheduling method of a computer system, 
the computer system including a plurality of process 
groups, each of the process groups including at least 
one periodically executed process, the plurality of proc- 
ess groups being executed in parallel, the periodic proc- 
ess scheduling method including the steps of specifying 
a wakeup interval period and a required CPU time per 
period for each of the process groups, and securing a 
CPU allocation time so as to prevent collision between 
a CPU allocation time of a speciifed process group and 
a CPU allocation time of another process group, and 
adjusting the CPU allocation time and the wakeup 
period so as to maintain the wakeup interval period of 
each of specified process groups. 

In accordance with another aspect of the present 
invention, a method for waking up a process scheduled 
according to the above described process scheduling 
method further includes the steps of responding to 
arrival of time when one of the process groups should 



be waked up, conducting wakeup by changing execu- 
tion priority of a process belonging to this process group 
to the highest priority in the system, and thereafter 
maintaining the highest priority for CPU allocation time 

5 consecutively allocated. 

In accordance with another aspect of the present 
invention, the above described process wakeup method 
further includes the steps of responding to elapse of the 
CPU allocation time consecutively allocated and con- 

io sumption of the required CPU time, changing execution 
priority of a process waked up from the highest priority 
to reference priority, and notifying this process of time- 
out. 

In accordance with still another aspect of the 

is present invention, an asynchronous event method 
includes the steps of responding to occurrence of an 
asynchronous event needing reception of information 
such as arrival of a network packet during execution of 
a process having the highest priority in a system, imme- 

20 diately suspending the execution of the process running 
with the highest priority, securing an information receiv- 
ing buffer, preparing for reception of the information, 
thereafter resuming the execution of the process sus- 
pended in execution, and referring to received informa- 

25 tion and conducting processing by using a periodically 
waked up process. 

Other objects, features and advantages of the 
present invention will become apparent from reading 
the following description of the embodiments taken in 

30 conjunction with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING * 

FIG. 1 is a diagram showing the process wakeup 
35 and data flow in a scheduling method according to 
an embodiment of the present invention; 
FIG. 2 is a diagram showing the structure of data for 
managing a process group; 

FIG. 3 is a flow chart of "create _proc_group" func- 
40 tion; 

FIG. 4 is a flow chart of "destroy_proc_group" func- 
tion; 

FIG. 5 is a diagram showing a method for eliminat- 
ing the overlap between CPU times allocated to a 

45 process group; 

FIG. 6 is a flow chart of a time slot table creation; 
FIG. 7 is a diagram showing a result of a creation 
example of a time slot table; 
FIG. 8 is a diagram showing input data for the crea- 

50 tion example of a time slot table; 

FIG. 9 is a diagram showing the configuration of a 
scheduling table; 

FIG. 10 is a diagram showing the structure of data 
for managing processes; 
55 FIG. 1 1 is a flow chart of "proc_raise" function; 

FIG. 12 is a flow chart of a timer interrupt handler; 
FIG. 13 is a flow chart of a periodic kernel process; 
FIG. 1 4 is a diagram showing the configuration of a 
scheduling table; 
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FIG. 15 is a diagram showing the flow of wakeup of 
continuous media processing process; 
FIG. 16 is a diagram showing the program of a 
group master process; 

FIG. 17 is a diagram showing the program of a 
slave process; 

FIG. 18 is a diagram showing process wakeup and 
data flow in a scheduling method according to 
another embodiment of the present invention; 
FIG. 19 is a diagram showing the configuration of a 
command list; 

FIG. 20 is a flow chart of a scheduler; 
FIG. 21 is a diagram showing the configuration of a 
network packet receiving system according to 
another embodiment of the present invention; and 
FIG. 22 is a flow chart of first level interrupt handler. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereafter, embodiments of the present invention 
will be described in detail by referring to the drawing. 



First Embodiment 

The flow of process wakeup and the flow of contin- 
uous media data for implementing a process scheduling 
method of a computer system according to an embodi- 
ment of the present invention is shown in FIG. 1. In the 
system, one periodic kernel process 101 exists. The 
periodic kernel process 101 is a control process period- 
ically driven by timer interrupt handler 104. By referring 
to a scheduling table 900, the periodic kernel process 
101 selects the next process (hereafter referred to as 
periodic process) group 102 which should process con- 
tinuous media data. By changing the priority of the 
selected periodic process group 102, the periodic ker- 
nel process 101 implements the periodic scheduling of 
each periodic process 102. If a periodic process 102 to 
be scheduled does not exist, the periodic kernel proc- 
ess 101 schedules another normal process 109. Details 
of this operation will be described afterwards. 

At least one periodic process 102 which processes 
the same continuous media data forms one process 
group 103. Periodic processes belonging to the process 
group 103 are given predetermined processing order. A 
periodic process 102 which is the first in processing 
order is driven preferentially by a change of priority con- 
ducted by the periodic kernel process 101 . The periodic 
process which is the first in processing order reads con- 
tinuous media data supplied from an input device 1 05 
via an input buffer 106, and works upon the data. The 
worked data are delivered to a periodic process 102 
which is the next in processing order via a shared buffer 
110. The priority of a periodic process 102 in the proc- 
ess group 103 is inherited one after another. A periodic 
process 102 which is the last in processing order out- 
puts data to an output device 108 via an output buffer* 
1 07 and lowers the priority of its own process. Thereby, 



processing of one period of this process group. 103 is 
substantially terminated. In the system, a plurality of 
process groups 103, such as a process group for 
processing sound information and a process group for 

5 .processing movie information, may exist. 

By the way, a scheduler which is not illustrated is 
called by a function call to create a scheduling table 900 
and drive a specified process. The scheduler is a collec- 
tion of program modules which are activated by a called 

10 process and which conduct processing concerning the 
scheduling. 

In the process group, a group master process 
exists. The group master process is a process which is 
at the head in processing order among processes 
75 belonging to the process group. Processes belonging to 
the process group other than the group master process 
are called slave processes. Creation and deletion of the 
process group 1 03 are conducted by the group master 
process by using the following interface. 

20 . 

(Function Name) 

create _proc_group(master_pid, slave_pid_array, 
proc_array_number, pgroupid) 



25 



(Argument) 



master _pid: process ID of the group master process 
slave_pid_array: array of slave process IDs forming the 
30 group 

proc_array_number: the number of slave process IDs 
forming the group 

pgroupid: an ID of the generated process group is 
returned 

35 

(Return Value) 

SUCCESS: Termination 
or various error codes 



40 



(Description) 



The "create_proc^group" function generates a 
process group having, as the group master, a process 

45 specified by "mastered." The generated process 
group is formed by process groups specified by 
"slave_pid_array" and "proc_array_number" in addition 
to the process specified by "mastered." A generated 
process group ID is returned to "pgroupid." It is prem- 

so ised that individual processes having process IDs spec- 
ified by "master_pid" and "slave_pid_array" have 
already been generated. 



55 



(Function Name ) 



destroy_proc_group(pgroupid) 
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(Argument) 

pgroupid: process group ID 

(Return Value) 5 

SUCCESS: Termination 
or various error codes 

(Description) 10 

The "destroy_proc_group" function deletes a proc- 
ess group specified by "pgroupid." 

The data structure of array data and a control block 
used to manage the process group is shown in FIG. 2. is 

The process group is managed by using a process 
group control block 202. The process group control 
block 202 includes a "master_pid" field 203, a 
"pid_array" field 204, and a "nproc" field 205. The 
"master_pid" field 203 stores the process ID of the 20 
group master process of the process group. The 
"pid_array" field 204 stores a pointer to a process ID 
array 206. The process ID array 206 is an array of proc- 
ess IDs of slave processes forming the process group. 
The "nproc" field 205 stores the number of process IDs 25 
stored in the process ID array 206. Furthermore, con- 
version from a process group ID to a process group con- 
trol block 202 is conducted by using a process group 
control block pointer array 201 . In other words, a pointer 
to the process group control block 202 is stored in an 30 
element having a process group ID as an index. In the 
case where a process group control group 202 corre- 
sponding to the process group ID does not exist, a "nil" 
pointer is stored in a corresponding element of the proc- 
ess group control block pointer array 201 . . 35 

The processing flow of the "create_proc_group" 
function is shown in FIG. 3. 

At step 301, one element included in elements of 
the process control block pointer array 201 in which the 
"nil" pointer is stored is searched for. Its index value is 40 
used as a return value of the "pgroupid." 

At step 302, a memory region used for the process 
group control block 202 is secured. 

At step 303, a memory region used for the process 
ID array 206 is secured. 45 

At step 304, the ID of the group master process 
specified by the argument "master_pid" of the 
"create _proc_group" function is stored in the 
"mastered" field 203 of the process group control 
block 202 having a memory region secured at the step so 
302. 

At step 305, the array of the process ID of the slave 
process specified by the argument "slave_pid_array" of 
the "create _proc_group" function is copied into the 
process ID array 206 having a memory region sesured ss 
at the step 303. 

At step 306, a pointer to the process ID array is set 
in the "pid-array" field. 

At step 307, the number of slave process IDs form- 



ing the process group specified by the argument 
"proc_array_number" of the "create_jDroc_group" func- 
tion is stored in the "nproc" field 205 of the process 
group control block 202 having a memory region 
secured at the step 302. 

The processing flow of "destroy_j3roc_group" func- 
tion is shown in FIG. 4. 

At step 401 , an element of the process group con- 
trol block pointer array 201 having the argument "pgrou- 
pid" of the "destroy_proc_group" function as the index is 
searched for, and a memory region which has been 
used by the process group control block indicated by 
that element is deallocated. 

At step 402, a memory region which has been used 
by the process ID array 206 indicated by the "pid_array" 
field of the above described process group control block 
202 is deallocated. 

At step 403, the "nil" pointer is substituted for an 
element of the process group control block pointer array 
201 corresponding to the process group to be deallo- 
cated. 

A process group 103 becomes the unit of schedul- 
ing. By using the "alloc_time_slot" function at the time of , 
its initializing, the group master of the process group 
103 reserves the CPU allocated to the process group 
103 over a specified time at intervals each equal to a 
specified period. If allocation of the CPU time has 
become unnecessary, the group master calls a 
"dealloc_time_slof function and cancels its reservation. 

If the "alloc_time_slot" function is called, the sched- 
uler determines the CPU allocation sequence so as to 
satisfy the period and execution time per period 
requested by each process group, and creates a sched- 
uling table 900. This creation algorithm will be described 
afterwards. 

On the basis of the scheduling table 900, the peri- 
odic kernel process 101 conducts scheduling of each 
periodic process 102. Upon arrival at the time when the 
CPU should be allocated to the process group 103, the 
periodic kernel process 101 sets the priority of the 
group master process of that process group 103 to 
"raised." The periodic process having the priority set to 
"raised" is assured to have the highest priority among 
user processes. In addition, the process 102 having the 
priority set to "raised" is assured to have priority higher 
than that of the periodic kernel process 101 . 

Upon elapse of the specified time since the priority 
of the group master process has become "raised," the 
timer interrupt handler 104 sets the priority of the peri- 
odic process 102 having the priority set to "raised" 
among the periodic processes belonging to the process 
group 103 to "depressed." (The group master process 
can inherit the priority of another periodic process 102 
belonging to the same process group 103. This will be 
described afterwards.) The process 102 having the pri- 
ority set to "depressed" is assured to have the lowest 
priority among user processes. 

Over the time during which the CPU should be allo- 
cated to the process group 103, any user process or 
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periodic kernel process 101 which does not belong to 
the process group 103 is not scheduled so long as a 
periodic process 102 belonging to the process group 
103 having the priority set to "raised" is in the executa- 
ble state. Over the time during which the CPU should 
not be allocated, any periodic process 102 belonging to 
the process group 103 is not scheduled. A CPU time 
which is not allocated to any periodic process 102 is 
allocated to the normal process 109 or an idle process 
which executes an infinite loop and which is always in 
the executable state. By setting the priority of the idle 
process to the lowest priority next to "depressed," it is 
assured that scheduling is not conducted over the time 
during which the CPU should not be allocated to a peri- 
odic process 102 or the periodic kernel process 101. 
External specifications of the "allocJime_slot" function 
and the "dealloc_time_slot" function will be described 
below. 

(Function Name) 

alloc_time_slot(pgroupid, interval, length) 
{Argument) 

pgroupid: process group ID assured of CPU allocation 
interval: wakeup interval of process 
length: execution time of process group per period to be 
secured 

(Return Value) 

SUCCESS: termination 
or various error codes 

(Description > 

In the "alloc_time_slot" function, the process group 
specified by "pgroupid" requests the CPU to be allo- 
cated over a time specified by "length" and at a period 
specified by "interval." The "interval" and "length" are 
specified by taking a predtermined time slot as the unit. 
At the period specified by the "interval," the priority of 
the group master process becomes "raised." By using a 
"proc_raise_handoff function (which will be described 
afterwards), the group master process can set the prior- 
ity of another process belonging to the process group to 
"raised," and change the priority of its own process to 
"depressed" (or reference priority). Upon elapse of a 
time specified by the "length" since the priority of the 
group master process became "raised," the priority of a 
process having the priority set to "raised" and included 
in the processes belonging to the process group is forci- 
bly changed to "depressed." Furthermore, a timeout 
signal is transmitted to that process. 

The value of the "interval" must be power of 2. If a 
value other than that is specified, the scheduler con- 
ducts processing by assuming that a largest power 
value of 2 which does not exceed the specified value 
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has been specified. 
(Function Name) 
5 dealloc_time_slot(pgroupid) 
(Argument) 

pgroupid: process group ID for canceling the CPU allo- 
w cation assurance 

(Return Value) 

SUCCESS: termination 
75 or various error codes 

(Description) 

In the "dealloc_time_slot" function, the process 
20 group specified by "pgroupid" cancels the CPU alloca- 
tion request which has been held by the process group 
specified by "pgroupid." 

Upon being requested to allocate the CPU by the 
M alloc_time_slot" function, the scheduler cannot always 
25 conduct scheduling of the process group 103 as 
requested by all process groups 103. The reason will 
now be described. As shown in FIG. 5, a plurality of 
process groups 501 and 502 cannot be scheduled at 
the same time. Therefore, it beomes necessary to shift 
30 the overlap time of the CPU allocation time 503 of either 
one of overlapping process groups 501 and 502 to a dif- 
ferent time 504. That is the reason. 

In accordance with the following algorithm, the 
scheduler determines the CPU allocation time of each 
35 process group and registes the result in the scheduling 
table 900 which will be described afterwards. The CPU 
allocation is conducted by taking the timer interrupt 
occurrence interval as the unit. By using the timer inter- 
rupt occurrence time as a boundary, the real time is 
40 divided into a group of time slots. In accordance with the 
following algorithm, a process group 103 to be allocated 
is determined for each time slot. 

The flow chart of the above described algorithm is 
shown in FIG. 6. 
45 At step 601 , a time slot table 700 as shown in FIG. 
7 is created. The time slot table 700 has the same size 
as the greatest "interval" value among "interval" values 
requested by a process group 103 to be allocated (i.e.. 
a process group 103 for which a CPU allocation reser- 
50 vation request has already been issued by the 
"alloc_time_slot" function).' The time slot table 700 is a 
one-dimensional array. In each element of the array, an 
ID of a process group 103 to be allocated to a corre- 
sponding time slot is stored. As an initial value of each 
55 element, an ID indicating that the time slot is not yet 
allocated is stored. 

At step 602. it is determined whether a process 
group 103 for which a time slot to be allocated has not 
yet been determined is present. If allocation of time 



6 



11 



EP 0 798 638 A2 



12 



slots for all process groups 103 has been completed, 
termination takes place at step 613. 

At step 603. a process group 1 03 which is minimum 
in "interval" value requested at the time of issuance of 
the "alloc Jime_slot" function is selected out of process 
groups 103 for which a time slot to be allocated has not 
yet been determined. 

At step 604, the requested "interval" value and 
"length" value of the process group 103 selected at the 
step 603 are substituted for I and L, respectively. 

At step 605, time slots included in time slots 0 
through 1-1 and not yet allocated are collected in groups 
every adjacent time slots. Hereafter, time slot groups Xj 
(i = 1,2, ... n) subjected to grouping at the present step 
are referred to as adjacent empty time slots. 

If at step 606, the sum total of sizes (the number of 
time slots) of adjacent empty time slots obtained at the 
step 605 is less than L, time slot allocation satisfying 
requests of all process groups 103 is judged to be 
impossible and abnormal termination takes place (step 
614). 

At step 607, adjacent empty time slots obtained at 
the step 605 and having a maximum size are compared 
in magnitude with L 

If L is less, one having a minimum size is selected 
at step 608 out of adjacent empty time slots having at 
least the size of L. 

At step 609, L time slots located at the head of the 
adjacent empty time slots selected at the step 608 are 
allocated to the process group 103 selected at the step 
603. In addition to the time slots allocated at this time, 
time slots located I, 21, 31. ... time slots after are also 
allocated to the process group 103 selected at the step 
603. Thereby, time slot allocation to the process group 
103 selected at the step 603 is completed, and a jump 
to the step 602 takes place. 

If at the step 607 L is greater than the maximum 
adjacent empty time slot size, adjacent empty time slots 
having a maximum size are selected at step 610. 

At step 61 1 , all time slots belonging to the adjacent 
empty time slots selected at the step 610 are allocated 
to the process group 103 selected at the step 603. In 
addition to the time slots allocated at this time, time slots 
located I, 21, 31. ... time slots after are also allocated to 
the process group 103 selected at the step 603. 

At step 612. the L minus the size of the adjacent 
empty time slots selected at the step 61 0 is set as a new 
L value, and a jump to the step 605 takes place. 

An example of creation of a time slot table 700 will 
now be described by referring to FIGS. 7 and 8. It is now 
assumed that the number of process groups 103 to 
which time slots are allocated is three. In FIG. 8. "inter- 
val" values 801 and "length" values 802 requested by 
each process group 103 are shown. 

First of all, the time slot table 700 having a size of 
32 which is the maximum value of the "interval" value 
801 requested by three process groups 103 is created. 
Each element of the time slot table 700 is initialized to 
have an ID indicating that allocation has not yet been 



conducted. 

Time slots allocated to a process group A having a 
minimum "interval" value 801 are determined. From 
time slots included in time slots 0 through 7, adjacent 
s empty time slots are generated. In this case, one adja- 
cent empty time slot group having a size of 8 formed by 
time slots 0 through 7 is generated. 

The "length" value 802 equivalent to two requested 
by the process group A is less than the size 8 of the 
w adjacent empty time slots thus generated. Therefore, 
two time slots located at the head of the adjacent empty 
time slots, i.e., time slots 0 and 1 are allocated to the 
process group A. Besides, time slots located thereafter 
at an interval equal to an integer times of the "interval" 
is value 801 of eight requested by the process group A are 
also allocated to the process group A. Besides the time 
slots 0 and 1 , time slots 8, 9, 1 6, 1 7. 24 and 25 are thus 
allocated to the process group A. In accordance there- 
with, corresponding elements of the time slot table 700 
20 are updated. Thereby, allocation of time slots to the 
process group A is completed. 

Subsequently, time slots allocated to a process 
group B having a second least "interval" value 801 are 
determined. From time slots 0 through 15, adjacent 
25 empty time slots are generated. In this case, two adja- 
cent empty time slot groups each having a size of 6 and 
respectively including time slots 2 through 7 and time 
slots 10 through 15 are generated. 

The "length" value 802 equivalent to three 
30 requested by the process group B is less than this size 
6. Out of adjacent empty time slots having a size of at 
least 3, adjacent empty time slots having a minimum 
size are selected. Now, adjacent time slots formed by 
time slots 2 through 7 are selected. Three time slots 
35 located at the head of the adjacent empty time slots are 
allocated to the process group B. In other words, time 
slots 2 through 4 are allocated to the process group B. 
In the same way. time slots 18 through 20 are also allo- 
cated to the process group B. In accordance therewith, 
40 corresponding elements of the time slot table 700 are 
updated. Thereby, allocation of time slots to the process 
group B is completed. 

Finally, time slots alllocated to the process group C 
are determined. From time slots 0 through 31 , adjacent 
45 empty time slots are generated. In this case, the follow- 
ing adjacent empty time slots are generated: 

adjacent empty time slots having a size of 3 and 
including time slots 5 through 7; 

so adjacent empty time slots having a size of 6 and 
including time slots 10 through 15; 
adjacent empty time slots having a size of 3 and 
including time slots 21 through 23; and 
adjacent empty time slots having a size of 6 and 

55 including time slots 26 through 31 . 



The "length" value 802 of seven requested by the 
process group C is greater than the maximum size 6 of 
the above described adjacent empty time slots. First of 
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all, therefore, one adjacent empty time slot group having 
a maximum size of 6 is selected. All time slots belonging 
to the adjacent empty time slots, i.e.. the time slots 10 
through 15 are allocated to the process group C. In 
accordance therewith, corresponding elements of the 
time slot table 700 are updated. 

From the "length" value 802 of seven requested by 
the process group C, the size 6 of the adjacent empty 
time slots selected before is subtracted, resulting in a 
difference of one. Allocation of one time slot thus left is 
now conducted. Adjacent empty time slots are gener- 
ated again. In this case, the following adjacent empty 
time slots are generated: 

adjacent empty time slots having a size of 3 and 

including time slots 5 through 7; 

adjacent empty time slots having a size of 3 and 

including time slots 21 through 23; and 

adjacent empty time slots having a size of 6 and 

including time slots 26 through 31 . 

From adjacent empty time slots having a size of at 
least 1, adjacent empty time slots having a minimum 
size is selected. In this case, adjacent empty time slots 
formed by time slots 5 through 7 are selected. One time 
slot located at the head of the adjacent empty time slot, 
i.e., time slot 5 is allocated to the process group C. In 
accordance therewith, corresponding elements of the 
time slot table 700 are updated. Thereby, allocation of 
time slots to the process group C is completed. 

Process groups allocated for each time slot by the 
processing heretofore described are determined as 
shown in FIG. 7. From this, the scheduler generates the 
scheduling table 900 shown in FIG. 9. This scheduling 
table 900 is a table describing the order of process 
groups 915 to which the CPU should be allocated and 
their allocation times 916 (the number of time slots). 
Furthermore, an end flag 917 indicates whether alloca- 
tion of the process group 915 corresponding to one 
period is finished when the CPU allocation of that line 
has been completed. For example, the end flag 91 7 for 
903 becomes OFF, i.e.. FALSE, because allocation cor- 
responding to one period is not completed even if the 
time slot 5 is allocated to the process group C. However, 
the end flag 917 for 906 becomes ON; i.e.. TRUE, 
because allocation corresponding to one period is com- 
pleted if the time slots 10 through 15 are allocated. The 
algorithm for converting the time slot table 700 to the 
scheduling table 900 is self-evident, and consequently it 
will not be described. An index 914 is a pointer indicat- 
ing a line (entry) of the scheduling table 900 to which 
the CPU is subsequently allocated. A time slot for which 
the process group 915 specifies "OTHERS" is a time 
slot allocated to the normal process 109. "OTHERS" 
907 indicates that if execution of the periodic process in 
the process group C is finished before elapse of six time 
slots allocated to the process group C. time slots which 
have become empty are allocated to the normal proc- 
ess 109. 



Whenever the "alloc_time_slor function is issued, 
the scheduler recreates the scheduling table 900 on the 
basis of the existing table as shown in FIG. 8 and a 
request conducted by the new "alloc_time_slot" func- 
5 tion. 

In accordance with the scheduling table 900 gener- 
ated according to the above described algorithm, the 
periodic kernel process 101 conducts scheduling of the 
process group 103. The periodic kernel process 101 

jo changes the priority of a periodic process 102 belon- 
ging to the process group 103 which has requested 
periodic CPU allocation to "raised," "depressed," or ref- 
erence priority. Thereby, the scheduling is implemented. 
Furthermore, a periodic process having priority set 

75 to "raisec" by the periodic kernel process 101 changes 
the pric: tv of its own process to "depressed," and 
changes tne priority of other periodic processes belong- 
ing to the same process group to "raised." As a result, 
handoff scheduling in the process group is imple- 

20 mented. 

The priority changes are conducted by using 
"proc_/aise, " "proc_raise_cancel, " 

"proc_raise_handoff," "proc_depress," and 
"proc_depress_cancel" functions. External specrfica- 
25 tions of these functions will be described below. 

(Function Name) 

proc_raise(pid, time, flags) 

30 

(Argument) 
pid: process ID 

time: time during which the priority is kept at "raised" 
35 flags: flag specifying the priority obtained after a speci- 
fied time has elapsed 

PRIORlTY_NORMAL 

40 The priority of the process is changed to the refer- 
ence priority. 

PRIORITY_DEPRESSED 

45 The priority of the process is changed to 
"depressed." Furthermore, whether a signal is to be 
transmitted to a process specified by the "pid" when a 
specified time has elapsed is specified by the following 
flag. 

50 

SEND_S1GNAL 

A timeout signal is transmitted to a process speci- 
fied by "pid" when a specified time has elapsed. 

55 

(Return Value) 

SUCCESS: termination 
or various error codes 
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(Description > 

The "proc_raise" function sets the priority of a proc- 
ess specified by "pid" to "raised" for a time (the number 
of time slots) specified by "time." In the "time," time 916 
allocated to a process group to which that process 
belongs or INFINITY is specified. A process having pri- 
ority set to "raised" is assured of having priority higher 
than that of any other user process. 

Priorities of a plurality of processes cannot be set to 
"raised" simultaneously. If the present function is called 
when a process having the priority set to "raised" is 
already present, the present function returns an error. 

In the case where "INFINITY" has been set in 
"time," the priority of the process is kept at "raised" until 
the "proc_raise_cancel" function or the 
"proc_raise_handoff" funtion is issued to the process. 
The "INFINITY" is specified when, for example, the 
timer interrupt handler 104 wakes up the periodic kerne! 
process 101. When the periodic process 102 is to be 
waked up, typically the "INFINITY" is not specified. 

It is now assumed that a value other than the 
"INFINITY" is specified in "time" beforehand. If in this 
case the "proc_raise_cancel" function or the 
"proc_raise_handoff" function is not issued to the proc- 
ess even when the time specified by "time" has elapsed, 
the priority of the process is forcibly changed according 
to the flag specified in "flags." If "PRIORITYjsJORMAL" 
is specified in "flags" beforehand, the priority of the 
process is changed from "raised" to the reference prior- 
ity. If ,, PRiORITY_DEPRESSED" is specified in "flags" 
beforehand, the priority of the process is changed from 
"raised" to "depressed." If "SEND_SIGNAL" is specified 
in "flags" beforehand, a timeout signal is transmitted to 
that process. The process which has received the time- 
out signal is waked up according to the preset priority, 
and the process can conduct processing for the case of 
timeout. 

(Function Name) 
proc_raise_cancel(pid, flags) 
(Argument) 
pid: process ID . 

flags: flag specifying the priority obtained after a 
change. The following can be specified. 

PRIORITYJvJORMAL 

The priority of the process is changed to the refer- 
ence priority. 

PRIORITY_DEPRESSED 

The priority of the process is changed to 
"depressed." 



(Return Value) 

SUCCESS: termination 
or various error codes 

5 

(Description) 

According to the "flags." the "proc_raise_cancei" 
function changes the priority of the process set to 

w "raised" by the "proc^raise" function. In the case where 
"PRIORITY_NORMAL" is specified in "flags" before- 
hand, the priority after the change becomes the refer- 
ence priority according to the scheduling attribute. If 
"PRIORITYJDEPRESSED" is specified in "flags" 

75 beforehand, the priority after the change becomes 
"depressed." 

(Function Name ) 

20 proc_raise_handoff(pid, flags) 

(Argument) 

pid: process ID 
25 flags: flag specifying the priority obtained after handoff. 
The following can be specified. 

PRIORITY_NORMAL 

30 The priority of the process is changed to the refer- 
ence priority. 

PRIORITYJDEPRESSED 

35 The priority of the process is changed to 
"depressed." 

(Return Value) 

40 SUCCESS: termination 
or various error codes 

(Description ) 

45 The "procj'aisejiandoff" function sets the priority 
of the process specified by "pid" to "raised," and 
changes the priority of its own process according to 
"flags." The process specified by "pid" must belong to 
the same process group as the calling process. Other- 

so wise, an error return is caused. If 
"PRIORITY_NORMAL" is specified in "flags" before- 
hand, the priority of the calling process after handoff 
becomes the reference priority. If 
"PRIORITYJDEPRESSED" is specified in "flags" 

55 beforehand, the priority of the calling process after 
handoff becomes "depressed." 

The priority of the calling process must be "raised." 
If a process having priority other than "raised" calls the 
present function, the error return is caused. 
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In the case where an upper limit time during which 
the priority of the calling process is kept at "raised" (i.e., 
in the case where something other than "INFINITY" is 
specified in "time" argument of the "proc_raise" function 
beforehand), the time during which the priority of the 
destination process of handoff is kept at "raised" 
becomes the time during which the priority of the source 
process of handoff is kept at "raised" and which is left at 
the time of calling. If an upper limit time during which the 
priority of the calling process is kept at "raised" is not 
specified, an upper limit time during which the priority of 
the destination process of the handoff is kept at "raised" 
is not present either. 

(Function Name) 



process even when the time specified by "time" has 
elapsed, the priority of the process is forcibly changed 
according to the flag specified in "flags." If 
"PRIORITY_NORMAL" is specified in "flags" before- 
5 hand, the priority of the process is changed from 
"depressed" to the reference priority. If 
"PRIORITY_RAISED" is specified in "flags" beforehand, 
the priority of the process is changed from "depressed" 
to "raised". 

10 

(Function Name) 
proc_depress_cancel(pid, flags) 
is (Argument) 



proc_depress(pid, time, flags) 

(Argument) 

pid: process ID 

time: time during which the priority is kept at 
"depressed" 

flags: flag specifying the priority obtained after a speci- 
fied time has elapsed. The following flags can be speci- 
fied. 

PRIORITY_NORMAL 

The priority of the process is changed to the refer- 
ence priority. 

PRIORITY_RAISED 



pid: process ID 

flags: flag specifying the priority obtained after a 
change. The following can be specified. 

20 

PRIOR ITY_NORMAL 

The priority of the process is changed to the refer- 
ence priority. 

25 

PRIORITY_RAISED 

The priority of the process is changed to "raised." 

so (Return Value) 

SUCCESS: termination 
or various error codes 



The priority of the process is changed to "raised." 

(Return Value) 

SUCCESS: termination 
or various error codes 

(Description ) 

The "proc_depress" function sets the priority of a 
process specified by "pid" to "depressed" for a time (the 
number of time slots) specified by "time." The process 
having priority set to "depressed" is assured of having 
priority lower than any other user process. The 
"proc_depress" function is issued mainly for the periodic 
kernel process 101 to lower the priority of its own proc- 
ess and wake up the normal process 109. 

In the case where "INFINITY" has been set in 
"time." the priority of the process is kept at "depressed" 
until the "proc_depress_cancel" function or the 
"proc_raise_handoff ' funtion is issued to the process. 

It is now assumed that a value other than the 
"INFINITY" is specified in "time" beforehand, if in this 
case the "proc_raise_cancel" function or the 
"proc_depress_handoff" function is not issued to the 



35 (Description ) 

According to the "flags," the "proc_depress_cancel" 
function changes the priority of the process set to 
"depressd" by the "proc_depress" function. In the case 

40 where "PRIORITY_NORMAL" is specified in "flags" 
beforehand, the priority after the change becomes the 
reference priority. If "PRIORITY_RAISED" is specified 
in "flags" beforehand, the priority after the change 
becomes "raised." 

45 The data structure of array data and control block 
required for implementing the above described function 
group are shown in FIG. 10. 

Process management is conducted by using a 
process control block 1002. According to priority, proc- 

50 ess control blocks 1002 of processes assuming the exe- 
cutable (ready) state are connected to bidirectional 
queues (hereafter referred to as bidirection ready 
queues) having elements of a ready queue header array 
1001 as queue headers. The ready queue header array 

55 1001 is an array of queue headers (i.e., pointers indicat- 
ing a process control block) of bidirectional queues 
associated with respective priorities having priority as 
an index value. It is assumed that priority having a 
smaller value is higher priority. The value of the highest 
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priority is represented by "raised," and the value of the 
lowest priority is represented by "depressed." 

The process control block 1002 holds a "next_proc" 
field 1003 and a prev_proc field 1004 in order to be con- 
nected to a bidirectional ready queue associated with 
priority, in the "next_proc" field 1003 and the 
M prev_proc" field 1004, a pointer to a process control 
block 1002 located behind in the bidirectional queue 
and a pointer to a process control block 1 002 located 
before are stored, respectively. In the "prev_proc" field 
1004 of a process control block 1002 located at the 
head of the bidirectional ready queue, however, a 
pointer to an element of the ready queue header array 
1001 is stored. In the "next_proc" field 1003 of a proc- 
ess control block located at the end of the bidirectional 
ready queue, a "nil" pointer is stored. 

Besides them, a "counter" field 1005. a "flags" field 
1006, a "context" field 1007, and a "base_pri" field 1010 
are present in the process control block 1002. The 
"counter" field .1005 holds a remaining time (repre- 
sented by the number of time slots) during which that 
process can maintain the priority of "raised" or 
"depressed." In the "flags" field 1006, there is stored a 
flag indicating the priority of the process to be changed 
after the time during the priority of "raised" or 
"depressed" can be maintained has elapsed. The "con- 
text" field 1007 is a region for saving the execution con- 
text of the process. In the "base_pri" field 1010. the 
reference priority of the process is stored at the time of 
process generation. 

Conversion of the process ID to a process control 
block 1002 is conducted by using a process control 
block pointer array 1009. Specifically, in an element of 
the process control block pointer array 1009 having the 
process ID as an index, a pointer to a process control 
block 1002 is stored beforehand. In the case where the 
process control block 1 002 corresponding to the proc- 
ess ID is not present, a "nil" pointer is stored beforehand 
in the corresponding element of the process control 
block pointer array 1009. ^ 

Furthermore, in "ctxproc" 1008, a pointer to the 
process control block 1002 of a process which is now 
being executed is stored. 

The processing flow of the "proc_raise" function is 
shown in FIG. 11. 

At step 1101, the scheduler derives an element of 
the process control block pointer array 1009 having the 
argument "pid" of the "proc_raise" function as the index, 
and dequeues the process control block 1002 indicated 
by that element from the bidirectional ready queue. 

At step 1102. an element of the ready queue 
header array 1001 having "raised" as the index, and the 
process control block 1002 derived at the step 1 101 is 
enqueued at the end of a bidirectional ready queue hav- 
ing that element as the queue header. 

At step 1103, the value specified by the argument 
"time" of "proc_raise" function is stored in . the "counter" 
field 1005 of the process control block 1002 obtained at 
the step 1102. 



At step 1104, the value specified by the argument 
"flags" of the "proc_raise" function is stored in the "flags" 
field 1006 of the process control block 1002 obtained at 
the step 1102. 

5 At step 1 1 05. the current execution contexts (values 

of various registers) are saved in the context field 1007 
of the process control block 1002 indicated by "ctxproc" 
1008. 

At step 1 106, a pointer to the process control block 
w 1002 of the process having the highest priority in the 
system is stored in the "ctxproc" 1008. The process 
control block of the process having the highest priority in 
the system can be searched for by using the following 
procedure. Out of bidirectional ready queues stored in 
is the ready queue header array 1001, a bidirectional 
ready queue having a queue length of at least 1 and 
having a minimum index value is first derived. The proc- 
ess control block 1002 queued at the head of that bidi- 
rectional ready queue becomes the derived process 
20 control block 1002. Here, the process specified by the 
argument "pid" of the "proc_raise" function and con- 
nected to the ready queue header array 1001 with the 
value of "raised" at the step 1 102 is the process having . 
the highest priority. 
25 At step 1107, the execution context saved in the 
"context" field 1 007 of the process control block derived 
at the step 1 106 is restored. By the processing of the 
step 1107, process switching is caused and the 
restored process of the execution context is dispatched. 
30 If between the step 1 1 04 and the step 1105 the process 
control block pointer of the process having the highest 
priority in the system is compared with contents of the 
"ctxproc" 1008 and both of them are the same, the 
processing of the steps 1105 through 1107 may be 
35 skipped. 

The "proc_raise_cancet," "proc_raise_handoff." 
"proc_depress." and "proc_depress_cancel," functions 
can also be implemented by conducting ready queue 
operation similar to the steps 1101 through 1102. 
40 update of various fields of the process control block 
1002 similar to the steps 1 103 through 1 104 (if neces- 
sary), saving of the execution context similar to the step 
1105. and restoration of the execution context of the 
process having the highest priority in the system similar 
45 to the steps 1106 through 1107. The processing 
becomes similar to that of the "proc_raise" function and 
will not be described. 

In the case where the "proc_raise" function and the 
"proc_depress" function have been issued, it is neces- 
so sary to determine whether the time specified by the 
argument "time" has elapsed since issuance of those 
functions. This determination is conducted in the timer 
interrupt handler 104 by using the "counter" field 1005 
of the process control block. In addition, the timer inter- 
55 rupt handler 104 conducts drive processing of the peri- 
odic kernel process 101 as well. The processing flow of 
the timer interrupt handler 104 conducting them is 
shown in FIG. 12. 

At step 1201 , an element having the "raised" of the 
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ready queue header array 1001 as the index is derived, 
and a pointer to a process control block 1002 stored in 
that element is substituted for a variable "PCB." 

At step 1202, it is determined whether the value of 
the "PCB" updated at the step 1201 is a "nil" pointer. If it 
is a "nil" pointer, a jump to step 1207 is effected. Unless 
it is a "nil" pointer, a jump to step 1203 is effected. 

At step 1203, the "counter" field 1005 of the proc- 
ess control block 1002 indicated by the "PCS" is 
decreased by one. In the case where "INFINITY" is 
stored in the "counter" field 1005 beforehand, however, 
nothing is conducted. 

At step 1204, it is determined whether the value of 
the "counter" field 1005 of the process control block 
1002 indicated by the "PCB" is 0. If the value of the 
"counter" field 1005 is 0, a jump to step 1205 is effected. 
If the value of the "counter" field 1005 is other than 0, a 
jump to step 1206 is effected. 

At step 1205, ready queue operation is conducted 
according to the "flags" field 1006 of the process control 
block 1002 indicated by the "PCB." Specifically, the fol- 
lowing operation is conducted. First of all, the process 
control block 1002 indicated by the "PCB" is dequeued 
from the bidirectional ready queue, in the case where 
"PRIORITY_NORMAL" is stored beforehand in the 
"flags" field 1006, an element having as the index a 
value stored in the "base_pri" field 1010 of the ready 
queue header array 1001 is then derived, and the proc- 
ess control block 1002 indicated by the "PCB" is 
enqueued at the end of a bidirectional ready queue hav- 
ing that element as the queue header. In the case where 
"PRIORITY_DEPRESSED" is stored beforehand in the 
"flags" field 1006, an element having as the index 
"depressed" of the ready queue header array 1001 is 
derived, and the process control block 1002 indicated 
by the "PCB" is enqueued at the end of a bidirectional 
ready queue having that element as the queue header. 

At step 1206, the value of the "PCB" is updated to 
have the value of the next_proc field 1003 of the proc- 
ess control block 1002 indicated by the "PCB." Thereaf- 
ter, a jump to the step 1202 is effected. 

At step 1207, an element having the "depressed" of 
the ready queue header array 1001 as the index is 
derived, and a pointer to a process control block 1002 
stored in that element is substituted for a variable 
"PCB." 

At step 1208, it is determined whether the value of 
the "PCB" updated at the step 1207 is a "nil" pointer. If it 
is a "nil" pointer, a jump to step 1213 is effected. Unless 
it is a "nil" pointer, a jump to step 1 208 is effected. 

At step 1209, the "counter" field 1005 of the proc- 
ess control biock 1002 indicated by the "PCB" is 
decreased by one. In the case where "INFINITY" is 
stored in the "counter" field 1005 beforehand, however, 
nothing is conducted. 

At step 1210, it is determined whether the value of 
the "counter" field 1005 of the process control block 
1002 indicated by the "PCB" is 0. If the value of the 
"counter" field 1005 is 0, a jump to step 121 1 is effected. 



If the value of the "counter" field 1005 is other than 0. a 
jump to step 1212 is effected. 

At step 1211, ready queue operation is conducted 
according to the "flags" field 1006 of the process control 

5 block 1002 indicated by the "PCB." Specifically, the fol- 
lowing operation is conducted. First of all, the process 
control block 1002 indicated by the "PCB" is dequeued 
from the bidirectional ready queue. In the case where 
"PRIORITY_NORMAL" is stored beforehand in the 

w "flags" field 1006. an element having as the index a 
value stored in the "base_pri" field 1010 of the ready 
queue header array 1001 is then derived, and the proc- 
ess control block 1002 indicated by the "PCB" is 
enqueued at the end of a bidirectional ready queue hav- 

is ing that element as the queue header. In the case where 
"PRIORITY_RAISSED" is stored beforehand in the 
"flags" field 1006, an element having as the index 
"raised" of the ready queue header array 1001 is 
derived, and the process control block 1002 indicated 

20 by the "PCB" is enqueued .at the end of a bidirectional 
ready queue having that element as the queue header. 

At step 1212. the value of the "PCB" is updated to 
have the value of the "next_proc" field 1003 of the proc- 
ess control block 1002 indicated by the "PCB." Thereaf- 

25 ter. a jump to the step 1208 is effected. At steps 1213 
through 1216. drive processing of the periodic kernel 
process 101 is conducted. The periodic kernel process 
101 is driven in the case where an event hereafter 
described has occurred. 

30 

(a) The CPU time to be allocated to the process 
group 915 has elapsed. 

In accordance with the scheduling table 900. 
the periodic kernel process 101 supplies "times" 
35 916 described in the table to process groups 915 
one after another. When the "time" 916 supplied to 
a process group 915 has elapsed, the count of the 
"PCB" counter of the process having the priority of 
"raised" and belonging to that process group 915 
40 becomes 0. By the steps 1204 and 1205, therefore, 
the priority of that process is changed to tower pri- 
ority according to "PCB->flags." As a result, the 
periodic kernel process 101 having high priority 
next to the "raised" is driven. The periodic kernel 
45 process 101 changes the process group 915 to 
which the CPU should be allocated. In the case 
where there is not a process group 91 5 to which the 
CPU should be subsequently allocated, the peri- 
odic kernel process 101 changes its own priority to 
so "depressed" and thereby carries out allocation of 
the CPU time to the normal process 109. 
(b) Minimum interval of a process group 915 
requesting allocation of the CPU (which is eight 
time slots in the example of FIG. 8 and hereafter 
55 abbreviated to "minimum interval") has elapsed. 

In the case where there is not a process group 91 5 
to which the CPU should be subsequently allocated, the 
periodic kernel process 101 changes the priority of its 
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own process to "depressed" as described in (a). Each 
time the "minimum interval" elapses, however it 
becomes necessary to allocate the CPU time to the 
process group 915 requesting the driving conducted at 
the "minimum interval"s. Therefore, the periodic kernel 
process 101 is driven at the "minimum interval" periods 
to allocate the CPU time to the corresponding process 
group. 

The driving interval of the periodic kernel process 
101 according to the "minimum interval" is managed by 
a variable "kprocjimer." When the scheduling table 900 
is created by the "alloc Jime_slot" function, this variable 
is initialized to the "minimum interval" by the scheduler. 

At step 1213, the "kprocjimer" is decreased by 

one. 

At step 1214, it is determined whether the value of 
the "kproc_timer" updated at the step 1213 is 0. The 
value of 0 indicates the driving invoking of the periodic 
kernel process 101 described above in (b). For the driv- 
ing processing of the periodic kernel process 101, the 
"kproc_timer" is initialized again and thereafter a jump 
to step 1215 is effected. 

In the case where the "kproc_timer" is other than 0. 
saving restoration processing of the execution context 
shown in steps 1105 through 1107 is executed. In the 
case where the CPU time to be allocated to the process 
group 915 has elapsed (i.e., in the case of (a) described 
above), the periodic kernel process 101 becomes the 
process holding the highest priority and the periodic 
kernel process 101 is driven by execution of the steps 
1105 through 1107. 

At s:ep 1215, the "index" 914 of the scheduling 
table 900 is advanced to an entry having "OTHERS" 
stored in the field of the process group 915. For exam- 
ple, in the case where the "index" 914 indicates the 
entry of 906 in FIG. 9, the present step updates so that 
the "index" will indicate the entry of 907. Owing to the 
present step, the periodic kernel process 101 driven at 
step 1216 can start processing of allocating the CPU 
time to the process group 915 from the next entry with 
respect to the entry storing "OTHERS" in the field of the 
process group 915. In the case where the "index" 914 
already indicates the entry storing "OTHERS" in the 
field of the process group 915, nothing is conducted. 

At step 1216, the "proc_depress_cancel" 
("kernjDroc," "PRIORITYJvlORMAL") function is called. 
The "kern^proc" represents the process ID of the peri- 
odic kernel process 101. If the priority of the periodic 
kernel process 101 is "depressed," the priority of the 
periodic kernel process 101 is changed from the 
"depressed" to the reference priority (high priority next 
to the "raised") by execution of the present function. If 
the priority of the periodic kernel process 101 is the ref- 
erence priority, the priority is not changed by executing 
this function. At this time point, it is assured that a proc- 
ess having priority "raised" is not present (The schedul- 
ing table 900 is set so that the CPU time will not be 
allocated to each process group 915 without waiting the 
driving invoking of the periodic kernel process 101.) 



Therefore, driving of the periodic kernel process 101 in 
the above described case (b) can be carried out. 

In order to correctly decrease the count of the 
"PCB->counter" of the periodic process 102 at time slot 

5 intervals, the "PCB" of the periodic process 1 02 must be 
always connected to the ready queue. Therefore, such a 
wait that the "PCB" of the periodic process 102 is 
removed is inhibited. To prevent this, a method 
described in JP-A-8-226404 is used for mutual exclu- 

io sion management . between processes. As for the 
input/output, asynchronous input/output is entirely 
used. 

The flow chart of the operation of the periodic is 
shown in FIG. 13. 
is The periodic kernel process 101 is driven by the 
timer interrupt handler 104 at intervals each equal to the 
time 916 allocated to the process group 103 requesting 
the CPU allocation or the "minimum interval." In other 
words, the process which has been executing the timer 
20 interrupt handler 104 at that time wakes up the periodic 
kernel process 101. The periodic kernel process 101 
operates with the reference priority. 

At step 1301. the "index" 914 of the scheduling . 
table 900 is increased by a value corresponding to one 
25 entry. The "index" 914 of the scheduling table 900 indi- 
cates an entry representing a process group 915 to 
which the CPU should be subsequently allocated by the 
periodic kernel process 101. 

At step 1302, the entry of the scheduling table 900 
30 indicated by the "index" 914 is searched for. 

At step 1303. it is determined whether the field of 
the process group 915 of the entry obtained at the step 
1302 contains "OTHERS." 

If the process group 915 contains "OTHERS." the 
35 "procjdepress (MYSELF, INFINITY. 

PRIOR ITYJviORMAL) function is called at step 1304. 
As a result, the periodic kernel process 101 has priority 
"depressed" until the "proc_depress_cancel" function is 
isssued. Each time the "minimum interval" of the proc- 
40 ess group 103 requesting the periodic allocation of the 
CPU elapses, the "proc_depress_cancer* function is 
isssued from the timer interrupt handler 104. Until then, 
the normal process 109 which does not conduct the 
continuous media processing (i.e., a process which 
45 does not request the periodic scheduling by using the 
"alloc_time_slot" function) is subjected to scheduling. 

If the process group 915 does not contain "OTH- 
ERS." it is determined at step 1305 whether the process 
group 915 to which the CPU should be subsequently 
so allocated has completed the execution corresponding to 
one period. This is judged by using a flag of a "done" 
field 1401 of a process group state table 1400 as shown 
in FIG. 14. The "done" field 1401 is a field for describing 
whether the execution corresponding to one period has 
55 been completed, for each of process groups 103 
requesting the periodic scheduling by using the 
"alloc_time_slot" function. A periodic process 102 
belonging to a process group 103 requesting the peri- 
odic scheduling issues the "proc_raise_cancel" function 
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to its own process when the execution corresponding to 
one period has been completed as described after- 
wards. The "done" flag of the process group 103 that the 
periodic process 102 which has called this function 
belongs to is set within the processing routine of this 
function. 

In the case where the process group 915 of the 
entry obtained at the step 1302 has completed the exe- 
cution corresponding to one period, the end flag 917 of 
that entry is searched for at step 1306. 

If the end flag 917 is "FALSE," a return to step 1301 
is effected. 

If the end flag 917 is "TRUE." a corresponding flag 
of the "done" field 1401 of the process group state table 
1400 is cleared at step 1308, In addition, an "active pid" 
field 1402 is also initialized. This initializing method will 
be described below. Thereafter, a return to the step 

1301 is effected. 

In the case where the execution correpsonding to 
one period has been judged uncompleted at the step 
1305, the end flag 91 7 of the entry obtained at the step 

1302 is inspected at step 1309. 

If the end flag 917 is "TRUE," "proc_raise (pid. 
TIME. PRIORITY_DEPRESS | SENDSIGNAL)" is 
issued at step 1307. In the "pid," the process ID stored 
in the "active pid" field 1402 of the process group state 
table 1400 is used. In the "TIME," the value of the time 
field 916 of the entry is used. The "active pid" field 1402 
of the process group state table 1400 represents which 
periodic process 102 belonging to the process group 
103 is now executing the continuous media processing. 
Immediately after this step, the periodic process 102 
specified by the "pid" is scheduled over the time speci- 
fied by the "TIME." 

At step 1308, the corresponding entry is initialized. 
At step 1308, the entry in the "active pid" field 1402 cor- 
responding to the process group 915 selected at the 
step 1302 is initialized to have the process ID of the 
group master of that process group 915. Furthermore, if 
the "proc_raise_handoff" function is issued, in that 
processing routine the corresponding entry of the 
"active pid" field 1402 is updated to have a process ID of 
the handoff destination. If the "proc_raise_cancel" func- 
tion is issued and the end flag 917 is "TRUE," in that 
processing routine the corresponding entry of the 
"active pid" field 1402 is initialized. 

If the end flag 917 is judged to be "FALSE" at the 
step 1309. "proc_raise (pid, TIME. 
PRIORITY.DEPRESS)" is issued at step 1310 and 
processing is terminated. The method for setting the 
"pid" and "TIME" is similar that of the step 1307. In this 
case as well, the periodic process 102 specified by the 
"pid" is scheduled over the time specified by the "TIME" 
immediately after this step. 

Operation of the periodic processes 102 belonging 
to the process group 1 03 requesting the periodic sched- 
uling is shown in FIGS. 15 through 17. 

FIG. 1 5 is a diagram showing the wakeup sequence 
of periodic processes 102 belonging to a process group 



103. 

The processing order of periodic processes 102 
belonging to a process group 103 is predetermined. A 
group master process 1501 of the process group 103 is 

5 made "raised" in priority by the "proc_raise" function of 
the periodic kernel process 101 to conduct wakeup. By 
using the "proc_raise_handofT function, each process 
1 02 belonging to the process group 1 03 gives its priority 
to the next periodic process 102 in order. The priority of 

w its own process 102 after inheritance becomes 
"depressed." By using the "proc_raise_cancel" function, 
the last periodic process 102 in order completes execu- 
tion corresponding to one period. 

FIG. 16 is a program showing the operation of the 

is group master process 1 501 . 

In a 1601st line, a process group 103 having its own 
process as the group master process 1501 is created. 
Thereafter, this process group 103 becomes the unit of 
scheduling. 

20 In a 1602nd line, it is requested to allocate the CPU 
time specified by "length" at intervals specified by "inter- 
val" to the process group 103 created in the 1601st line. 
After issuance of this function, the "proc_raise" function 
is issued to the group master process 1501 by the peri- 
ls odic kernel process as shown in FIG. 15. 

A 1603rd line through a 1606th line form a loop for 
conducting the continuous media processing. After the 
continuous media processing corresponding to one 
period has been conducted, the "proc_raise_handofT 
30 function is called and the priority of a process 102 
belonging to the process group 103 created in the 
1601st line to be subsequently processed is set to 
"raised" in the 1605th line. The priority of its own proc- 
ess becomes "depressed." 
35 If the execution loop of the continuous media 
processing has been executed a predtermined number 
of times, the CPU time allocation request issued in the 
1602nd line is canceled in a 1607th line. 

Furthermore, in a 1608th line, the process group 
40 103 created in the 1601st line is deleted. 

FIG. 17 is a program showing the operation of the 
slave process 102. 

A 1 702nd line through a 1 704th line form a loop for 
conducting the continuous media processing. 
45 After the continuous media processing correspond- 

ing to one period has been conducted, the 
"proc_raise_handofr function is called and the priority 
of a process 102 belonging to the process group 103 
created in the 1601st line to be subsequently processed 
so is set to "raised" in the 1 703rd line. The priority of its 
own process becomes "depressed." However, the last 
periodic process 102 in order issues the 
"proc_raise_cancel" function and changes the priority of 
its own process to "depressed" in the 1704th line. If the 
55 execution loop of the continuous media processing has 
been executed a predtermined number of times; the 
program is terminated. 

In the case where the execution corresponding to 
one period has not been completed in the CPU alloca- 
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tion time corresponding to one period, a timeout signal 
is transmitted to the process 102 registered in the 
"active pid" field 1402 of the process group state table 
1400. In addition, a flag indicating 
"IN_SiFNAL_JTRANS ACTION" set in the flag in the 
"done" field 1401 of the process group table 1400. 

As for the process group 103 having this flag set 
therein, the execution end judgment of the process 
group 915 at the step 1305 is always "TRUE." Further- 
more, clearing the "done" field 1401 at the step 1308 is 
not conducted either. In other words, the signal handler 
is scheduled and executed with the reference priority of 
the periodic process 1 02 in the same way as the normal 
process 109. As a result, it can be assured that the 
processing delay of one stream does not affect the 
processing of another stream. 

According to the first embodiment, a single periodic 
kernel process 101 conducts periodic scheduling of all 
process groups 103 on the basis of the scheduling table 
900. Therefore, the execution of the periodic process 
102 is not delayed due to occurrence of access conten- 
tion among a plurality of process groups 103 for the 
CPU time. Furthermore, after the execution priority of a 
periodic process 102 has been changed, wakeup of the 
periodic process depending upon the process dispatch 
is conducted. As compared with the case a periodic 
process is waked up via inter-process communication, 
therefore, the overhead caused by the wakeup notice is 
reduced. Furthermore, the signal handler processing for 
a process which has exhausted the specified CPU time 
and caused timeout is executed with the reference prior- 
ity of that process. Therefore, the signal handler 
processing is prevented from causing an execution 
delay of another process group. 

Second Embodiment 

In the first embodiment, process switching is con- 
ducted from the process executing the timer interrupt 
handler 104 to the periodic kernel process 101 at inter- 
vals each equal to the "time" 916 allocated to the proc- 
ess group 103 or the "minimum interval." At this time, 
therefore, the overhead of the process switch inter- 
venes. In a second embodiment, a module (hereafter 
referred to as scheduler) for controlling the process 
scheduling instead of the periodic kernel process 101 is 
installed, and the timer interrupt handler 104 and the 
scheduler are executed in the same process. Thereby, 
the overhead of the process switch from the timer inter- 
rupt handler 104 to the periodic kernel process 101 is 
reduced. The configuration of a system for implement- 
ing the present invention by using the scheduler is 
shown in FIG. 18. While the operation of the scheduler 
in the present embodiment wilt be described afterwards 
by referring to FIG. 20, it is different from the operation 
of the conventional scheduler shown in the steps 1105 
through 1107. 

In the system, one scheduler 1801 is present. The 
scheduler changes the priority of the periodic process, 



determines a process to be subsequently scheduled, 
and conducts the dispatch operation of that process. 
The scheduler is periodically called by a timer interrupt 
handler 104. In addition, also when a periodic process 

5 102 conducting the continuous media processing gives 
the priority to the next periodic process 102 in process- 
ing order, and when the last process 102 in processing 
order completes the execution corresponding to one 
period and changes the priority of its own process, the 

ro scheduler is called in the processing routine of each 
function. Theses scheduler calling methods will be 
described in detail afterwards. 

In the same way as the first embodiment, periodic 
processes 102 which process the same continuous 

is media processing data form a process group 103. The 
creation and deletion of the process group 103 are con- 
ducted by using the above described 
"create_proc_group" and "destroy_proc_group" func- 
tions. A periodic process 102 which is the first in 

20 processing order in the process group 1 03 reads contin- 
uous media data from an input device 105 via an input 
buffer 106, and works upon the data. The worked data 
are delivered to a periodic process 1 02 which is the next 
in processing order via a shared buffer 1 10. A periodic 

25 process 102 which is the last in processing order out- 
puts data to an output device 1 08 via an output buffer 
107. 

A process group 103 becomes the unit of schedul- 
ing. By using the above described "alloc_time_slot" 

30 function at the time of its initializing, a group master 
process of the process group 103 reserves allocation of 
the CPU to the process group 103 over a specified time 
at intervals each equal to a specified period. If allocation 
of the CPU time has become unnecessary, the group 
.35 master calls the above described "dealloc__time_slot" 
function and cancels its reservation. 

If the "alloc_time_stot" function is called, the sched- 
uler determines the CPU allocation sequence so as to 
satisfy the period and execution time per period 

40 requested by each process group, and creates a sched- 
uling table 900. This creation algorithm was described 
with reference to the first embodiment. 

On the basis of the scheduling table 900, the 
scheduler 1801 conducts scheduling of each periodic 

45 process 102. Upon arrival at the time when the CPU 
should be allocated to the process group 103, the 
scheduler 1801 sets the priority of the group master 
process of that process group 103 to "raised." (In other 
words, the scheduler 1801 calls the above described 

so "proc_raise" function.) Upon elapse of the specified 
time since the priority of the group master process has 
become "raised," the scheduler 1801 called by the timer 
interrupt handler 104 sets the priority of the periodic 
process 102 having the priority set to "raised" among 

55 the periodic processes belonging to the process group 
103 to "depressed." This method of calling the sched- 
uler from the timer interrupt handler and operation of the 
scheduler will be described in detail afterwards. Over 
the time during which the CPU should be allocated to 
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the process group 103, any user process which does 
not belong to the process group 103 is not scheduled so 
long as a periodic process 102 belonging to the process 
group 1 03 having the priority set to "raised" is in the exe- 
cutable state. Over the time during which the CPU 
should not be. allocated, any periodic process 102 
belonging to the process group 103 is not scheduled. A 
CPU time which is not allocated to any process group 
103 is allocated to. the normal process 109 or an idle 
process. 

As described above, the scheduler 1801 can be 
called by the timer interrupt handier 104 or a periodic 
process 102 requesting a priority change of its own 
process or another process. The form of a command list 
used to call the scheduler is shown in FIG. 19. 

The timer interrupt handler 104 or a periodic proc- 
ess 102 attempting to call the scheduler 1801 specifies 
a pointer 1901 to an entry located at the head of the 
command list shown in FIG. 19, as the argument of its 
. calling function. The command list shows scheduler 
operation orders in a list form. Each entry of the com- 
mand list is formed by a "next_command" field 1902, a 
"flag" field 1903, and a "pid" field 1904. In the 
"next_command" field 1902. a pointer to the next entry 
is stored. The value of the "next_command" field of the 
entry located at the end of the list is "nil." In the "flag" 
field, "HANDOFF," "CANCEL," "INTERVAL," or "TIMER" 
can be specified. The "pid" field has a meaning only 
when the "flag" field holds "HAN DOFF" 

Each time the timer interrupt handler 104 conducts 
driving, it delivers a command list having an entry with 
"TIMER" stored in the "flag" to the scheduler 1801. At 
intervals each equivalent to the "minimum interval" of 
the process group 103 requesting the CPU allocation, 
the timer interrupt handler 104 also delivers an entry 
having "INTERVAL" stored in the "flag" to the scheduler 
besides the above described entry. Therefore, it is nec- 
essary for the timer interrupt handler 104 to judge the 
"minimum interval" by using the above described 
"kproc_timer." 

In the case where a periodic process 102 gives its 
priority to the next periodic process in processing order, 
it delivers a command list having an entry with "HAND- 
OFF" stored in the "flags" and an ID of the next periodic 
process 102 in processing order stored in the "pid" to 
the scheduler. 

In the case where the last periodic process 102 in 
processing order completes the execution correspond- 
ing to one period and changes the priority of its own 
process to "depressed," the last periodic process deliv- 
ers a command list having an entry with "CANCEL" 
stored in "flags" to the scheduler. 

Finally, the operation flow of the scheduler which 
receives the above described command list and con- 
ducts driving will now be described by referring to FIG. 
20. 

At step 2001, the scheduler searches for the "flag" 
field of an entry located at the top of the delivered com- 
mand list. If the "flag" field indicates "HANDOFF," a 



jump to step 2002 is effected. If the "flag" field indicates 
"CANCEL," a jump to step 2003 is effected. If the "flag" 
field indicates "INTERVAL." the step 1215 is executed 
and then a jump to step 2006 is effected. If the "flag" 

5 field indicates "TIMER." the steps 1201 through 1212 
are executed. If at step 2014 the process is a process 
the "PC8->counter" of which has been judged to be 0. 
i.e.. a process for which the CPU time 916 allocated to 
the process group 915 has elapsed, and the "flag" field 

w indicated by the "next_command" does not hold the 
"INTERVAL." a jump to step 2006 is effected. In the 
case where this condition is not satisfied, a jump to step 
2012 is effected. 

At step 2002, the priority of the periodic process 

is 1 202 functioning as the inheritance source of the prior- 
ity, the priority of the periodic process 1202 functioning 
as the inheritance destination, and the counter field 
1005 and the flag field 1006 in the process control block 
1002 are updated. This updating method becomes sim- 

20 ilar to the flow chart shown in FIG. 1 1 . and consequently 
it will not be described. Then, a jump to the step 201 2 is 
effected. 

At step 2003, the end flag 91 7 of a process group to 
which the CPU time has been allocated immediately 

25 before the wakeup of the scheduler (an entry indicated 
by the index 914 of the scheduling table 900) is 
searched for. If the end flag 917 is ON, a jump to step 
2005 is effected, if the end flag 917 is OFF. a jump to 
step 2004 is effected. 

30 At step 2004, the "done" field 1401 of the corre- 
sponding entry of the process group state table 1400 is 
set, and a jump to the step 2006 is effected. 

At step 2005, the same operation as the step 1308 
is conducted and a jump to the step 2006 is effected. 

35. At step 2006, the same operation as the steps 1301 
through 1302 is conducted and a jump to the step 2007 
is effected. 

At step 2007, it is inspected whether the field of the 
process group 915 of the entry obtained at the step 

40 2006 indicates "OTHERS." If it indicates "OTHERS." a 
jump to step 2012 is effected. If it indicates something 
other than "OTHERS", a jump to step 2008 is effected. 

At step 2008. the end flag 91 7 of the entry indicated 
by the index 914 increased at the step 2006 and the 

45 "done" field 1401 of the process group state table 1400 
corresponding to that entry are searched for. If both bits 
are set. a jump to step 2009 is effected. If only the 
"done" field is set beforehand, a jump to step 2006 is 
effected. If only the end flag is set beforehand, a jump to 

so step 2010 is effected. If both the "done" field and the 
end flag are cleared beforehand, a jump to step 201 1 is 
effected. 

At step 2009, the same operation as the step 1308 
is conducted and a jump to step 2006 is effected. 
55 At step 2010, the priority of the periodic process 
102 functioning as the group master process 1501 of 
the process group 103 registered in the entry which is in 
turn indicated by the index 914 is changed to the 
"raised" over a time specified by the "time" field 916 of 
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the entry, and the priority of the process and the "coun- 
ter" field 1005 and the "flag" field 1006 of the corre- 
sponding process control block 1002 are updated in 
order to transmit a signal after an elapse of that time. 
This updating method becomes similar to the flow chart 5 
shown in FIG. 1 1 and consequently it will be omitted. 
Thereafter, a jump to the step 2012 is effected. 

At step 2011, the priority of the periodic process 
102 functioning as the group master process 1501 of 
the process group 1 03 registered in the entry which is in 10 
turn indicated by the index 914 is changed to the 
"raised" over a time specified by the 'time" field 916 of 
the entry, and the priority of the process and the "coun- 
ter" field 1005 and the "flag" field 1006 of the corre- 
sponding process control block 1002 are updated in is 
order to transmit a signal after elapse of that time. This 
updating method becomes similar to the flow chart 
shown in FIG. 1 1 and consequently it will be omitted. 
Thereafter, a jump to the step 2012 is effected. 

At the step 2012. the "next_command" field of the 20 
entry processed at the steps 2001 through 2011 is 
searched for. If that value is not "nil," a jump to the step 
2001 is effected. If that value is "nil," the steps 1105 
through 1 107 are executed and thereafter termination is 
conducted. 25 

Third Embodiment 

If a number of asynchronous events such as arrival 
of network packets occur while the system is operating 30 
according to the scheduling method of a periodic proc- 
ess of the first or second embodiment, then execution of 
the periodic process 102 is obstructed and the jitter of 
the driving period interval of the periodic process 102 
becomes large. In other words, asynchronous event 35 
processing such as receiving processing of network 
packets requires response performance of some 
degree. If the asynchronous event processing takes 
preference and the priority of the process conducting 
that processing is made higher than that of the periodic 40 
process 102, a delay might be incurred in the execution 
time of the periodic process 102. in the third embodi- 
ment, the interrupt handler conducting the processing of 
receiving the network packets is provided with a hierar- 
chical structure. In the timer interrupt handler 104, the 45 
periodic kernel process 101, the scheduler 1801, and 
the process group 103 of the first and second embodi- 
ments, there are no changes. The third embodiment is 
carried out so as to reinforce the first or second embod- 
iment. By taken an interrupt handler conducting the so 
processing of receiving the network packets as an 
example of the asynchronous interrupt handler, the con- 
figuration and operation method of the interrupt handler 
will hereafter be described. 

FIG. 21 shows the configuration of the system 55 
around the present interrupt handler and the configura- 
tion of the interrupt handler. The timer interrupt handler 
104, the periodic kernel process 101 , and the scheduler 
1801 are not illustrated. 



The present system includes a CPU 2101 and an 
ethernet board 2102 as hardware. Upon receiving a 
packet, the ethernet board 2102 functions to notify the 
CPU 2101 of arrival of the packet and drive, on the CPU 
2101 , a routine (interrupt handler) for conducting packet 
receiving processing. Besides a first level interrupt han- 
dler 2103 driven by packet receipt, a second level inter- 
rupt handler 2104 and an application program 2105 are 
provided on the CPU 2101 . As one of the periodic proc- 
esses, the second level interrupt handler 2104 is period- 
ically driven by the periodic kernel process 101 or the 
scheduler 1801 according to the above described 
scheduling method. The application program 2105 is a 
business program for processing the received- packet, 
and it is run by a periodic process 102 or the normal 
process 109. 

The operation flow of the first level interrupt handler 
2103 is shown in FIG. 22. 

As described above, the first level interrupt handler 
2103 is driven upon a notice of packet arrival given by 
the ethernet board 2102, At step 2201, the received 
packet is first enqueued in a packet queue 21 06. At step 
2202, one receiving buffer is secured out of free buffers 
2108. At step 2203, a command requesting the receiv- 
ing buffer secured at the step 2202 to receive packets is 
issued to the ethernet board 2102. In other words, all 
that the first level interrupt handler 2103 performs is to 
secure the receiving buffer and prepares for packet 
receiving, and the first level interrupt handler 21 03 does 
not conduct at all the processing of referring to informa- 
tion stored in the receiving buffer. The ethernet board 
2102 cannot receive packets which arrive until execu- 
tion of the step 2203 since notification of packet arrival. 
Because the address of the receiving buffer which 
should store received packets is not specified by the 
first interrupt handler 2103. If a packet arrives during 
that time, therefore, the ethernet board 2102 fails in 
packet receiving and that packet is lost, but that time is 
limited to a minimum. 

The second level interrupt handler 2104 is periodi- 
cally driven with the specified period. A packet 
enqueued by the first level interrupt handier 2103 and 
linked to the packet queue 2106 is dequeued, and pro- 
tocol processing is conducted by referring to the 
dequeued packet. If received data to be delivered to the 
application program 2105 are obtained as a result of 
this protocol processing, the received data are 
enqueued in a received data queue 2107. Therefore, 
the second level interrupt handler 2104 is scheduled 
simply as one of periodic processes 102 belonging to a 
certain process group 103. 

The application program 2105 functions to dequeue 
the received data enqueued in the received data queue 
2107 and deallocate the receiving buffer storing the 
received data. 

In the case where a packet has arrived during exe- 
cution of a periodic process 102, the execution of the 
periodic process is suspended and execution of the first 
interrupt handler 2103 is started. By conducting the exe- 
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cution of the first interrupt handler 2103 with the highest 
priority, loss of a packet is prevented from being caused 
due to a failure of the ethernet board 2102 in receiving 
a packet. In other words, by applying the third embodi- 
ment to the first or second embodiment, the probability 5 
of the packet loss and the execution delay of the peri- 
odic process 102 are reduced and both of these advan- 
tages are reconciled as compared with the conventional 
case where the first level interrupt handler 21 03 and the 
second level interrupt handier 2104 are processed by w 
one packet receiving interrupt handler. 

The second level interrupt handler 2104 is sched- 
uled as a periodic process 102. Until the time when the 
CPU 2101 is allocated to its own process is reached, 
therefore, the second level interrupt handler 2104 does 75 
not start the execution even if the packet queue has a 
packet queued therein. Immediately upon completion of 
the execution of the first level interrupt handler 2103, 
therefore, the execution of the periodic process is 
resumed. By thus providing the interrupt handler with a 20 
hierarchical structure, the execution suspension time of 
the periodic process 102 caused by arrival of a packet 
can be suppressed to only the execution time of the first 
level interrupt handler 2103. 

Furthermore, the second level interrupt handler 25 
2104 is assured of periodic driving. Until a time corre- 
sponding to the driving period elapses since arrival of a 
packet, therefore, the second level interrupt handler 
2104 is driven at least once without fail. In other words, ; 
the upper limit of the time required until a packet is 30 
enqueued in the received data queue 2107 since arrival 
of the packet becomes also the driving period of the 
second level interrupt handler 2104. Thus the response 
performance of the network packet receiving process- 
ing can also be assured. 35 

The periodic process scheduling method according 
to the first through third embodiments of the present 
invention have been described in. detail. The program 
for executing the scheduling method in each embodi- 
ment is stored in a recording medium such as a hard 40 
disk or a CD-ROM as the OS of the computer to be 
used. Alternatively, the process scheduling program 
according to the present invention may be downloaded 
into a resident memory from an external server. 

The scheduling method of the present invention 45 
provides a CPU time allocation algorithm simultane- 
ously satisfying a plurality of periodic CPU allocation 
requests. The variation of the execution start interval of 
the continuous media processing corresponding to one 
period obtained by using this algorithm is assured of so 
becoming shorter than the driving interval of the peri- 
odic kernel process. In addition, for a process which is 
shorter in requested period, i.e., for a process which 
should have a suppressed absolute value of a variation 
of the execution start interval, the CPU time is allocated 55 
in a shorter time after the periodic kernel process is 
driven. As the period of a process becomes shorter, the 
variation of the execution start interval can be sup 1 
pressed to a smaller value. 



In the case where the arrival rate of the continuous 
media data is constant, input buffer management such 
as input buffer switching may be conducted periodically. 
If the periodic process scheduling can be assured, 
therefore, the process conducting the continuous media 
processing may spontaneously switch over input buffers 
and notification using an interrupt of input continuous 
media data arrival becomes unnecessary. Improvement 
in performance of continuous media processing owing 
to reduction of interrupt overhead can be anticipated. 

Furthermore, in the scheduling method of the 
present invention, the wakeup and sleep of each of 
processes conducting' the continuous media processing 
are implemented by changing the priority. As compared 
with the conventional method using the IPC, the over- 
head required for the wakeup and sleep can be 
reduced. From this point as well, improvement in per- 
formance of the continuous media processing can be 
anticipated. 

In the case where a deadline miss occurs in one 
process group and a signal is transmitted to the subject 
process, the priority of the signal handler in the sched- 
uling method of the present invention is assured of 
being lower than the priority of the process conducting 
the continuous media processing. Therefore, it can be 
assured that a processing delay of one stream does not 
affect the processing of other streams. 

Furthermore, in the CPU allocation algorithm of the 
present invention, time periods allocated to process 
groups are made continuous as far as possible. There- 
fore, the number of times of process switching is sup- 
pressed to a minimum. Improvement in performance of 
the continuous media processing owing to the reduction 
of the overhead required for process switching can also 
be anticipated. 

Furthermore, in the CPU allocation algorithm of the 
present invention, the execution time ratio between 
process groups is always kept constant. Even if a syn- 
chronizing mechanism such as a rendezvous is not 
used, therefore, synchronizing between streams can be 
realized. 

Furthermore, the present invention can prevent the 
variation of the execution interval of the process con- 
ducting the continuous media processing when an 
asynchronous event has occurred. 

It should be noted that the scheduling program 
described in the above embodiments can be down- 
loaded from a recording medium such as a hard disk or 
a CD-ROM or an external server to a predetermined 
location of the main memory of the computer system at 
the time of booting or switching-on. 

Claims 

1 . A periodic process scheduling method of a compu- 
ter system, said computer system including a plu- 
rality of process groups (103), each of said process 
groups including at least one periodically executed 
process (102), said plurality of process groups 
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being executed in parallel, said periodic process 
* scheduling method comprising the steps of: 

specifying a wakeup interval period and a 
required CPU time per period for each of the 5 5 
process groups; and 

securing a CPU allocation time so as to prevent 
collision between a CPU allocation time of a 
speciifed process group and a CPU allocation 
time of another process group, and adjusting w 
said CPU allocation time and said wakeup 
period so as to maintain the wakeup interval 
period of each of specified process groups. 

2. A periodic process scheduling method according to is 
claim 1 , further comprising the steps of: 

creating a table (900) for registering therein 
order of process groups (103) to which CPU 
time is allocated by taking a time slot as unit; 20 
selecting a process group so as to allocate time 
slots to process groups in order from a process 
group having a shorter wakeup period; 
extracting adjacent free time slots in a range of 
wakeup interval period of the selected process 25 
group; 

responding to existence of adjacent empty time 
slots having a size of at least a required CPU 
time, obtaining, from adjacent empty time slots 
corresponding to at least the required CPU 30 
time and having a minimum size, adjacent 
empty time slots corresponding to the required 
CPU time beginning from head thereof, and 
allocating the obtained adjacent empty time 
slots to the selected process group; and 35 
responding to nonexistence of adjacent empty 
time slots having a size of at least a required 
CPU time, allocating all time slots belonging to 
adjacent empty time slots having a maximum 
size to the selected process group, and allocat- 40 
ing a remaining time equivalent to the required 
CPU time minus the allocated time slots to the 
said process group by using the previous step 
and the present step. 

45 

3. A method for waking up a process scheduled 
according to the periodic scheduling method as 
claimed in 1 , further comprising the steps of: 

responding to arrival of time when one of said so 
process groups (103) should be waked up; 
conducting wakeup by changing execution pri- 
ority of a process (102) belonging to said proc- 
ess group to highest priority in a system; and 
thereafter maintaining the highest priority for 55 
CPU allocation time consecutively allocated. 

4. A process wakeup method according to claim 3, 
further comprising the step of changing execution 



priority of said process to lowest priority 
("depressed") in the system upon elapse of the 
CPU allocation time consecutively allocated. 

A process wakeup method according to claim 3, 
further comprising the steps of: 

responding to an order for giving priority of a 
first process to a second process belonging to 
same process as the first process before 
elapse of said CPU allocation time consecu- 
tively allocated; and 

conducting wakeup by changing execution pri- 
ority of the first process from the highest prior- 
ity ("raised") in the system to lowest priority and 
changing execution priority of the second proc- 
ess to the highest priority. 

6. A process wakeup method according to claim 3, 
further comprising the steps of: 

responding to elapse of the CPU allocation 
time consecutively allocated and consumption 
of said required CPU time; 
changing execution priority of a process waked 
up from the highest priority to reference prior- 
ity; and 

notifying said process of timeout. 

7. A process wakeup method according to claim 3, 
further comprising the steps of responding to 
elapse of the CPU allocation time consecutively 
allocated, waking up a single control process 
(1801) waking up said process group (103), and 
waking up a process belonging to a process group 
supplied with next consecutive CPU allocation time 
by using said control process. 

8. A process wakeup method according to claim 3, 
wherein processing to be conducted between 
detection of a time point for waking up one of said 
process groups and wakeup of a process belonging 
to said process group is executed by a single proc- 
ess. 

9. A process wakeup method according to claim 3, 
further comprising the steps of: 

responding to occurrence of an asynchronous 
event needing reception of information such as 
arrival of a network packet during execution of 
a process having the highest priority in a sys- 
tem; 

immediately suspending the execution of the 
process running with the highest priority; 
securing an information receiving buffer; 
preparing for reception of the information; 
thereafter resuming the execution of the proc- 
ess suspended in execution; and 
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referring to received information and conduct- 
ing processing by using a periodically waked 
up process. 

10. A computer-readable recording medium for storing 5 
a program for ordering periodic process scheduling 

of a computer system, said computer system 
including a plurality of process groups (103), each 
of said process groups including at least one peri- 
odically executed process (102), said plurality of w 
process groups being executed in parallel, said pro- 
gram comprising: 

program means for specifying a wakeup inter- 
val period and a required CPU time per period is 
for each of the process groups; and 
program means for securing a CPU allocation 
time so as to prevent collision between a CPU 
allocation time of a speciifed process group 
and a CPU allocation time of another process 20 
group, and adjusting said CPU allocation time 
and said wakeup period so as to maintain the 
wakeup interval period of each of specified 
process groups. 

25 

11. A recording medium according to claim 10, wherein 
in order to wake up a process scheduled by execu- 
tion of said program, said recording medium com- 
prises: 

- 30 

program means responsive to arrival of time 
when one of said process groups should be 
waked up, to conduct wakeup by changing exe- 
cution priority of a process (102) belonging to 
said process group (103) to highest priority 35 
("raised") in a system: 

program means for thereafter maintaining the 
highest priority for CPU allocation time consec- 
utively allocated, and changing the execution 
priority of said process to lowest priority 40 
("depressed") in the system upon elapse of the 
CPU allocation time consecutively allocated; 
and 

program means responsive to elapse of the 
CPU allocation time consecutively allocated, to 45 
wake up a single control process (1801) waking 
up said process group, and wake up a process 
belonging to a process group supplied with 
next consecutive CPU allocation time by using 
said control process. so 
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